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© Method of bonding gold or gold alloy wire to solder. 

© A compression bond is formed between a gold 
or gold alloy wire (12) and a solder (16) such as 
lead/tin by forming a head (14) on the wire and 
forcing the head into a pad of the solder by ther- 
mosonic, or thermocompression, or ultrasonic com- 
pression bonding techniques. This forms a 
gold/solder intermetaliic compound which in turn 
forms the bond. The head of the wire is maintained 
out of contact with any underlying surface, and sur- 
rounded by the solder. 



FIG.2 
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METHOD OF BONDING GOLD OR GOLD ALLOY WIRE TO SOLDER 



The present invention relates generally ;to the 
bonding of gold or gold alloy wire" to solder pads. 
In more particular aspects, the invention relates to 
the compression faotidjng, "either by thermo-com- 
pression or thermosoriic or ultrasonic bond of gold 
and gold alloy wires" to lead/tin f solder pads, and 
finds particular application in bonding wires t6 pads 
on semi-conductpr cfifps. J L ' ° o; ,! 

, In the production of semiconductor chips, it is 
frequently necessary to bond various types of wire 
to attachment pads^ formed on the semi-conductor 
chips. The compositibhs of the pads as well as the 
wires and the techniques for bonding the wires to 
such pads have taken many different forms in the 
past. In some pfrior art configurations, the semi- 
conductor chips have been provided with aluminum 
or aluminum alloy pads to which wires must be 
bondjed. Often gold wires were utilized and bonded 
to the pads by thermocdmpression bonding. An 
exarnple of this type of bonding is disclosed in U. 
S.. Patent 3,091,849. In this particular patent, gold 
wires are thermocompression bonded to silicon 
surfaces of the underlying semi-conductor chip. 
Otter , methods of bonding have included solder 
bonding wherein the solder (such as lead tin sol- 
der) is used, and melted to form a bond often to 
other pads also containing solder. This type of 
bonding js shown in U.S. Patent 3,665,590.' 

, It has. also been found that it is not possible to 
obtain r a ;j good bpnd.^'y' normal Vef low techniques 
betweep gold and a solder such' as Jead/tin since 
the feflow of the solder will dissolve the gold and 
not form a bond between the gold and the solder. 

According to the present invention, it has been 
found that a good bond can be obtained between 
gold or an alloy of gold which contains at least 
50% gold content and a solder such as lead/tin by 
compression,., bonding ^techniques under carefully 
controlled conditions and parameters. In these 
techniques, a pad of lead/tin "solder is placed over 
the .substrate. The end I 6f ^ wire js formed into a 
gpjd or a gold, alloy. Salj^ which contains at least 
50% jgold L and js then inserted by compression 
techniques ' such as thermoscnic, .thermocdmpres- 
sion, , or ultrasonic techniques, into the solder pad. 
The pad is sufficiently thick sp that if will receive 
the end of f the wire and the' wire is thrust in such a 
distance that it does not penetrate through the pad 
to touch the substrate,, but rather is spaced there- 
from anjj therefore. is ; surrounded by the .lead tin 
solder. The compression bonding technique 1 results 
in a very thin layer of a gold-tin intermetaHic com- 
pound which provides. the. bond between th wire 
and the solder. Thus, the wire must not be inserted 
so far that it comes in contact with the base ma- 
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teriai', btit rhust be inserted sufficiently to allow this 
intermetallic laye'rto form ' tHerfeirouridi : 

Tire* compression bonding can be thermosonic 
compression " bonding, thermocompression bond- 
ing, 1 br^ultrasohic iompressibh bonding. Further, it 
r is* , cohtVrripl1atikl v '^at %iidwirig~ tfie compression 
'bonding' a' bakirig' or Keating step' can be applied 
which will irfcertaih instances; increase the thick- 
ness ; 6f We' jnterme^ainc' compound, thereby im- 
" proving this strength L of f the r bond. However, th 
need for the heating' ''step 'depends' upon /the tem- 
perature at which the compre'ssioff-bondirig was 
' performed, as welKas'ihe 1 required strength of the 

: - bfand.-' u ; } : /; • ; ; 

? The J inventiori /; is described in more ^detail with 
' ' reference? to drawings illustrating preferred embodi- 
ments:- ^ ; ' ,c - ~" - 

' 'Hg. 'l V a -side eieyafiShal view, somewhat 
1 ' diagrammatic^ ofjagoldwire ready to be ccmpres- 
./ s(oh bonded, onto a lead/tin solder pad on 1 top of 
Al/Cr/Cu/Au ' pedestaif and 0 : J 

f\g. 2 is a view similar tS Fig. 1 showing the 
/ co'rripressipn [bond; .^ffected be^eeri the ,: gold wire 

arid the lead/tin 'solder pad* ^ ' '* ; : ' \ " 2 
" jH ' Referring how * ( ' fp **th§/ dr^wjng" and for the 
present, Figure 1 , 'a gold wire, ready for cbimpres- 
sibn bonding oijto^a lead tin . sojder pad is shown 
somewhat diagrammatical!^.' Compression bonding 
^techniques as wejras machmes for compression 
" bonding 'are weH^ ho detailed 

description thereoOs. needed herein/ For ^exampl , 
f UK patent GB ,^ and 
' published' October 17/ 1984 descries arid shows a 
ty'pical " device .' and 1 " technique ' for compression 
'''bonding, in' 'this' technique/ a' capillary 'is* provided 
1 through which a wire extends and means such as a 
flame' are provided to heat the end* of the wire and 
„ ' provide a ball. When the ball has ? 6een formed, th 
machine plunges the wire against 1 the substrate to 
which i if is fe^be bonded. This can 1 be done either in 
'conjunction with 11 rfeatirig of the sutfstrate' ! or the 
l '; application of ultrasonic energy or both. '/'*' 1 

As shown in figure '1, ai capillary 10 is provided 
1 through which a wire 12 is extended. The end of 
'the' wire, 12 has been heated arid fused to form a 
ball ,1 4 ' in a conventional- manner arid the ball 
'allowed to solidffy^ The wire 12 is to be bonded to 
. a lead/tin . solder maie'rial .iff' which is deposited 
onto a "pedeistal 18 which conventionally is;a pad 
formed qn a semiconductor chip 20. The (composi- 
tion and structure of ^'.pedestal' 18 may. vary, but 
preferably it is a pad fbrmed of an aluminum base 
22, a layer of Chromium 24,' a' ! lay r of Coipper 26 
and a cap of 6old 28. ; this is a cdnventional type 
of pedestal used in flip-chip bonding. The thickness 
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of aluminum and Copper layers typically will fcp 
about 1 micron and. of the Chromium and Gold 
about 0.1 urn. Although the thic$ie'ss of the solder 
material 16 may vary, conventionally this can be 
about 75 um^(3 mil?)Jn this, configuration. T*he only 
requirement is. .that.tt|e material J6;tpe % thi<pk enough 
such that whep the, bonding is effected shown in 
t , . figure 2, then? wiU^bte solder .rpa^eriaj between the 
end of the ball Hand \hf pedestal Material 18. 
As s^^jn.figiirjB' ^ the t cqrpprf s^ion^lgpnding 
tJ is effected 0 by. plunging the n baji ? 4 of- the, wire 12 
"' into the spjder, matqg^| f 16. whTcji preferably is a 
.lead/tin solder ..having, a p noijni ( nai Composition of 
about #5% lead ^apd 5%. tin. If desired, the sub- 
* strata* and/qf,. the'- ^ife.jc'^j be heated, the heating 
pr^fer^^ and 180^C. Jn any 

event, thej^ating. mi^be to, a temperature, below 
the lowest melting eutectic of the lea^/th alloy 
which in. |he case 0^3 leaden ^Qldj^r ris 183 # C. 
Also if^sir^ applied 
either in conjunction with the heating of thf sub- 
( . strate or, ; may r bj?i, dpne iijd§pendeptly . thereof. 

tt \ An analysis ' of/ ^Vi.bohdj formed using { Energy 
" ^jDisp^rsive.JjSpe (EDS), and "Wavelength 

Dispersive Spectroscopy 3 .(WpS)* on >a., J^E.O.L. 
, JX1;-jB.400, Apalyti^ using 
'* back patter ejectrpn.. irhagirig Was performed 
to determine the ^ipP^ti^n t of^^e interface re- 
giopvFro^ ( these tests! lj wa§ determined that there 
was a gold/tin^ at 
!" ' the interface. ,Between ; the aold ball 14 arid the 
solder 16 as showp at 30. It is believed that this 
'v.. „gp!^J/tin in^enji^lhp compound, js t what forms the 
|, V'bpad, bojween, ti^^^ t^Q^gbiq^and' it has 

.- t^opdVi^ tydeljd fon^^'ar^ and 

* y: /acce^abjell^ wire 

^12ah<^^ it "is ab- 

.j^/splutfily naces^^ of [pghetratign 

pedestal 18 jih order to"aH°W this jinterrfretal^ com- 
po^pd.to be formed ta. a substantial* region around 
tfi'e ball to provide, the boncj. If , the gojd ball 14 
;lpreaks through th^rp solder ma^ial tp^and comes 
[ tt ' jntqxoQtact with trie p^de^al ,1*8, suc;h jr^terrpetallic 
compoqpd i,s n^t .fpfmejd and hqpce, the required 
. bonding ^oci produce^, further,, it haslbeen found 
that if at any time during ^eioqdmg r 9r thereafter, 
, the solder js "tiqa£ed"tp above r th$ meljjng^point of 
. \ \\$ lowest melting in this casp. 183 

jdegreos ^bentiqrade,, thergo(d' r w(ll dissolve^ into the 
! ,.sp|der ( and' wiU^ot- fprrn/^ tKis t ' ijite'rmetajlic com- 
^p^upfi and.,4, satisfactory' bond ^s not achieved. 
, Thus,. It is ir ess*4}jtisd^ tri^t , at alijimes^ the" operation 
.,.be carried* out Jat ja^tempe^^ that. of the 

/ melting .point'pf the lowest melting ppjht eutectic of 
1 th,e solder material 16l • 

-This .technique can. also be used on any ap- 
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plication wherein there is sufficient thickness of the 
solder, irrespective of the composition of the ped- 
estal or sbbstrate" on which the solder is applied. 
It has also been found that in some cases the 

.bond strength can be somewhat increased by heat- 
ing the resulting .structure to a temperature be- 
tween .95 and 180 # C which will cause a thickening 
of the intermetaliic compound iayer and thus, may 
. Jmp^gye the bond strength to some degree. How- 
ever, jn many cases v depending on the conditions 
of the bonding and the desired resulting strength of 
the bonb] this subsequent heating step may be 

^pmitt^d^as it may only be marginally effective. 

" ^ It has also been" found . that this [ technique 

. y/orks not only on pure gold wire but also works on 
gold coated wire. Experiments were performed on 
gold plated copper wire. It was found, however, that 
when ,the ball was formed, it was necessary that 
there be at least 50% gold In the resulting bail 
structure for an effective joint to be formed. If there 
was less than 50% gold, the compression bonding 
^tas not effective and gotfd bonds were not ob- 
tained. It was found, therefore, that, in the case of 
gold plated copper wire! the 'thickness of th plat- 
ing of the gold on the wire should be at least 50% 
of the total thickness of the wire.' In addition, it was 
found that : such "a composition of the wire can 
withstand . liquefaction of the lead/tin eutectic which 
is igreater than 1 80 # C in the case of gold clad wire, 
complete lead/tin reflow around the wire' and ball 
leave the wire in tact and thus an interconnection is 
achieved. \ t 

Although the. invention has , been described in 
some degree of particularity. Various^ adaptations 
arii^ mpdyfications can be" made without ] departing 

; Irom Vhe^scqpe of the iqventibn *ak defined in the 
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~1. A methoJf o| ;^ndirj3 gold or gold alloy wire 
to'.a solder such as fc %ad/tin dverlyirig an underlying 
surface, comprising the stepb of: ' 
forming safd wire ;(1'2) with^ an ehd* t poftiop (14) 
havingj a composition of at least 50% gold. * 
maintaining sai^solder (i^)|at a temperature; below 
the' melting poirif of ihe : lowest melting eutectic of 
"saijd solder; 

and compression bonding said end 'portion of said 
wire to s^id solder, ; 
saib' bonding being characterized by Said end por- 
tion bt.said l .'Wife r being forcecf irtto said solder a 
dfstahce sufficient to imbed' a substantial portion of 
said end portion in Ssaid solder, but said end portion 
reniaihing out bf contact with said underlying sur- 
face; % ' ft 

whereby a gold/sol4©r. preferably a gold/tin inter- 
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metallic compound is formed between at least part 
of said end portion of said wire and said solder. 

2. The invention as defined in claim 1 wherein 
the wire is a gold wire. 

3. The invention as defined' in claims 1 or 2 5 . 
wherein the wire is a gold-- clad copper wire, 
wherein the gold constitutes at least 50% by 
weight. ' 

4. The invention as defined in one of the pre- 
ceding claims wherein the end portion of the wire 10 
is formed intA a ball. ' 

. 5. The invention as defined in one of the pre- 
ceding claims wherein the solder is approximately... - • , 

95% lead and 5% tin. j - '''//' 

6. The invention as defined in dne of .the .tfre- < 
ceding claims -wherein the bonding isL ultrasonic'. <. 
bonding. " ' - - - 

7. The invention -as defined, in one of claims 1 , V- 
to 5 wherein the bonding is thermosohic bonding. \ 

8. The invention as defined in one of claims ,1- 20 / *' 
to 5 wherein the bonding is thermocompression - 
bonding. - 

9. The invention" as defined in one of the pre- 
ceding claims wherein said underlying surface is a 
pedestal (18);cn a semiconductor chip (20). 25 

10. The invention as defined in claim 9 wherein 
the pedestal is comprised of Al/Cr/Cu/Au layers. 

11. The invention as defined in one of the 
preceding claims wherein said end portion of said 
wire is a ball formed of a copper/gold alloy. 30 

12. The * invention as defined in one of the 
preceding claims characterized by a further step, 
following said compression bonding, of heating 
said bonded wire and solder to a temperature 

below the melting point of the lowest melting as f * . 
eutectic of sajd solder. r 
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© A compression bond is formed between a gold 
or gold alloy wire (12) arid a solder (16) such as 
lead/tin by forming a head (14) on the wire and 
forcing the head into a pad of the solder by ther- 
mosonic, or thenmocompression, or ultrasonic com- 
pression bonding techniques. This forms a 
gold/solder intermetallic compound which in turn 
forms the bond. The head of the wire is maintained 
out of contact with any underlying surface, and sur- 
rounded by the solder. 
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